As marine environments change, the greatest ecological shifts-including resource usage and species interactions-are likely to take place in or near regions of biogeographic and phylogeographic transition. However, our understanding of where these transitional regions exist depends on the defining criteria. Here we evaluate phylogeographic transitions using a bootstrapping procedure that allows us to focus on either the strongest genetic transitions between a pair of contiguous populations, versus evaluation of transitions inclusive of the entire overlap between two intraspecific genetic lineages. We compiled data for the Atlantic coast of the United States, and evaluate taxa with short-and long-dispersing larval phases separately. Our results are largely concordant with previous biogeographic and phylogeographic analyses, indicating strong biotic change associated with the regions near Cape Cod, the Delmarva Peninsula, and eastern Florida. However, inclusive analysis of the entire range of sympatry for intraspecific lineages suggests that broad regions-the Mid-Atlantic Bight and eastern Florida-already harbor divergent intraspecific lineages, suggesting the potential for ecological evaluation of resource use between these lineages. This study establishes baseline information for tracking how such patterns change as predicted environmental changes take place.
Introduction
To date, there has been intense exploration of the relationship between recognized biogeographic patterns and the concordance of phylogeographic transitions-changes in allele frequency within a taxon that reflect either the historical origins of diversity, or the ecological processes that maintain these patterns [1] [2] [3] [4] [5] [6] . In the marine realm, these comparisons have proliferated because of the ease of comparing approximately linear coastlines [7] , the intrigue of understanding how the biphasic life cycle of most marine species influences the distribution of diversity [8] [9] [10] [11] [12] [13] , and how oceanographic features structure the vast oceans [14] [15] [16] [17] [18] [19] .
However, we know that the oceans are changing, with the most obvious changes being increased surface temperatures, and increasing homogenization of communities through anthropogenic introduction [20] . Marine species are moving their ranges to closely track ocean temperatures [21] and other factors [22, 23] . The distributional independence of some species shifts [24, 25] highlights the potential for climate change to promote novel ecological interactions as well. Therefore, it is at the boundaries or transitions between biotic regions that the independent movement of ranges can lead to the greatest ecological change, including shifts of mean trait values for the local community [22, [26] [27] [28] .
Thus, identifying regions of concordant biogeographic and phylogeographic transition allows us to suggest the regions in which the greatest ecological change may be coming [22, 25, [29] [30] [31] . These boundaries, most notably defined for marine biota by Briggs [32] as the demarcation between areas of high endemic diversity [33] , can themselves be elusive to draw on a map [34] because of the assortment of independent lineages into niches of varying breadths, as well as spatial and temporal sampling uncertainties [3] .
As an example, Point Conception (near Santa Barbara, California, USA) is a coastal region notable for the large number of species range limits associated with a transition in water temperature and oceanographic features. When evaluated for the distribution of species range limits, Point Conception appears to be a very strong feature that in particular limits the distribution of marine species with broadly-dispersing planktonic larvae [4, 35, 36] . However, the divisions between phylogeographic lineages in this area, across many species, are distributed over hundreds of kilometers [4] and when the depth distribution of species is also considered near Point Conception, the latitudinal overlap may be quite broad [37] .
It has been argued that to understand the distribution of diversity best, we need information both on the overlap of distributional ranges [22] as well as the pattern of distributional limits [38] ; both approaches may be informative for where ecological interactions will be most volatile in the coming decades [39] . Here, we synthesize data from available population genetic and phylogeographic studies from the east coast of North America, expanding previous work by Wares [3] , to understand the extent to which canonical biogeographic transitions are reflected in intraspecific genetic data, and how these patterns differ for species with pelagic larval dispersal versus those with limited dispersal. In doing this, we combine and compare the lineage range bootstrapping methods of Wares [3] and Pelc et al. [4] to explore how -transitions‖ between regions differ based on analysis of how two evolutionarily distinct lineages are fully distributed, versus analysis of where those lineages change the most in relative abundance ( Figure 1 ). As much work has gone into understanding how species and (phylogeographic) lineage ranges interact with each other, and with the environment [30, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] , identifying the potential breadth of these codistributions could be an insight both into our uncertainty about biogeographical and phylogeographical boundaries and species coexistence. Figure 1 . Given the frequency of two primary genetic lineages (alleles, clades, etc.) at a series of locations, phylogeographic methods would tend to identify the change in frequency between the two central locations as being of the greatest magnitude. The -deepest break‖ analysis in this paper thus indicates that the environmental mechanism influencing this pattern is found between a and b along a transect. However, both lineages are found in four of the six locations represented, and the -transition zone‖ analysis in this paper again assumes that the environmental mechanism influencing this pattern is found between a and b, typically reflecting greater uncertainty in the specific location of interest.
Methods

Literature Search/Study Compilation
We identified marine/estuarine taxa along the east coast of North America for which population genetic information is available. A comprehensive list of taxa and studies were established through literature searches of phylogeographical and population genetic studies, published between 2002-2012, using the Web of Science academic citation index, Google Scholar, and other resources, as in Small and Wares [31] . In addition, previous phylogeographical studies published between 1986-2002 were included from two previous syntheses [3, 4] . Published studies were considered even if no significant phylogeographical break (statistically significant spatial disjunction in allele groups) was identified. All studies included here represent species in their native ranges that included at least 3 sampling locations.
Of the studies that reported a phylogeographical break, we considered this break to be significant if genetic structure was statistically significant (p < 0.05) according to the author's reported results and was not considered a signal of isolation by distance. Given the variety of methodologies, sampling efforts, molecular markers, and statistical analyses used across studies, we did not attempt to standardize these measures of differentiation across studies or reanalyze the data for standardized or absolute levels of differentiation; Weersing and Toonen [51] showed that all such factors contribute to variance among results for different studies.
Taxa were separated into two dispersal classes, short (no pelagic phase or pelagic larval dispersal <3 days) and long (planktonic, >3 days). This division is based on observations that the distribution of larval duration is not continuous, but bimodal [52] [53] [54] and strongly influenced by life history, the strong relationship between larval duration and dispersal distance [55] , and theoretical values that separate the two classes in Lagrangian dispersal models [7, 41] . The sensitivity of our results to this criterion is discussed below. To determine the significance of the association between long and short dispersers with and without apparent genetic structure, we applied Pearson's Chi-square tests and Fisher's exact tests on the total number of species and published studies found in each group (long/short, break/no break).
Analysis of Phylogenetic Concordance
Following the methodology of Pelc et al. [4] , we used a bootstrapping technique to analyze the concordance of reported phylogenetic breaks for all taxa in which they occurred. This method tests for non-random distribution of potential phylogenetic breaks along the coast of interest [4] , with each sample location in each study assigned a linearized distance along the east coast of North America. Including all sampled locations takes into account the variation in scale (number and distribution of sites) among studies. For each study, the location and span of the phylogenetic break, consisting of the entire length of the coastline between upper and lower boundaries, was defined in two ways: (1) using the two sampled locations within each study between which the greatest degree of genetic change was reported (based on p values), boundaries were defined as the -deepest break‖ as in [4] ; (2) using the southernmost site occupied by individuals in the northern genetic lineage and the northernmost site occupied by individuals from the southern lineage, the break was defined as the -transition zone‖ as in Wares [3] (see Figure 1 ). This latter definition is a more inclusive descriptor of the break, allowing for overlap between clades and often representing a broader range. Although in some studies multiple significant breaks are described, we only focus on the strongest (greatest significance) separation for this analysis.
The summed number of apparent phylogenetic breaks was calculated at each sampling location across all studies. Using 10,000 bootstrap simulations in an R package modified from Pelc et al. [4] , we determined whether the number of apparent phylogenetic breaks observed at any location along the coast was greater than expected by chance. That is, the null hypothesis was that the distribution of lineage breaks was randomly sampled from the distribution of the evaluated species. Each bootstrap replicate chose a random location (or a bounding pair of locations, as in [3] ) to simulate a break (transition) for each study and the summed simulated breaks were calculated across all studies. We then determined which locations contained more apparent phylogenetic breaks than a proportion β of simulated phylogenetic breaks (with results showing β at 0.90, 0.95, and 0.99). A smaller β leads to a larger region where any break must be; for example the region for a β of 0 would be the region that contains all the potential breaks-the entire domain. We ran separate analyses for the two methods of identifying breaks as described above, for both short and long dispersal taxa. When multiple studies were published for the same taxon, the data from each study were used but individual studies were weighted proportionally so that each individual species is equally weighted in overall analysis. Studies with multiple markers (typically, a mitochondrial locus and one or more nuclear loci) were discarded if markers did not exhibit concordance for the primary break, as a number of distinct mechanisms may lead to such discordance [56] . All analyses were run using the R programming environment [57] .
Results
We identified a total of 52 studies representing 50 estuarine and marine species for which phylogenetic analyses have been documented (Supplement 1). Two studies described phylogeographical data in algal species; the remaining studies focused on animals. The majority of the studies (38) described long dispersers. Within the long dispersers in the present analysis, 63% identified at least one phylogeographical break, while 86% of the short dispersers exhibited such a pattern. Chi-square and Fisher's exact tests revealed that these trends were not significant when all species are included in the analyses (Pearson's Χ 2 = 3.0857, df = 1, p-value = 0.079; Fisher's Exact Test p = 0.11); however, removing the algal species, we find that there is a significantly larger proportion of short dispersers with phylogeographical breaks (Pearson's Χ 2 = 6.9333, df = 1, p-value = 0.008; Fisher's Exact Test p = 0.01). Power analyses reveal that we have sufficient sample size to detect high effect size differences whether we focus on the total species or studies (alpha = 0.05, power = 0.94 and 0.95, respectively). Study sites across all species and dispersal types were evenly dispersed along the east coast of North America (Supplement 2). Results from bootstrap analysis revealed different regions of phylogeographical transition depending on larval dispersal type. Long dispersers on this coast show a large likely region for phylogeographical transition (allowing for overlap of types) ranging from 35.9-42.5°N latitude (e.g., from North Carolina to Massachusetts, Figure 2A ). When breaks were defined using the area of deepest phylogenetic transition as in Pelc et al. [4] , a somewhat different picture was revealed ( Figure  2B ). In this case, five discrete regions were identified to be more likely to contain phylogenetic breaks than expected by chance. These regions included Cape Cod, MA (41.7-42.6°N), the New Jersey/Delaware shore and Chesapeake Bay (38.64-39.3°N), Morehead City, NC (34.7°N), southern GA/northern Florida (30.0-31.2°N), and the coast of Florida from St. John's River to Sarasota (28.8-27.3°N).
Short distance dispersers showed a different pattern in which regions of transition were more concentrated to the south. Using either of the two described definitions to define phylogeographical breaks, bootstrap analysis revealed a region of phylogeographical breaks beginning on the Georgia coast and extending into Florida, slightly past Cape Canaveral, FL (~31°-28.5°N) or farther south to the Florida Keys (24.4°N; Figure 2C,D) . In addition, at the lowest confidence level (β of 90%), regions of phylogeographical transition were identified south of Cape Canaveral, FL and in Narragansett/Fisher's Island Sound (41.4°-41.2°N) and Western Long Island Sound (41.3°N; Figure 4 ). With increased confidence levels, significant ranges of transition were identified north and south of Cape Canaveral (Figure 2C,D) . When breaks were defined using the sites that encompass the deepest phylogenetic break, the Chesapeake Bay region was also identified as a significant transition region ( Figure 2D ). 
Discussion
Contrasting the phylogeographic patterns that emerge from the strongest disjunctions in allele frequencies (-strongest breaks‖), versus those based on the range of overlap of one distinct allelic group with another (see Figure 1) , requires consideration of what information is summarized by each analysis. When the deepest phylogeographic break is recorded for each species, for example, many lesser breaks may not be analyzed, and the environmental or ecological difference between regions may not be identifiable as the location of such boundaries is not necessarily associated with environmental features [58] . Analysis of the transition zone, or overlap of ranges, captures better the full information on presence of lineages, but at the expense of not sharply defining phylogeographic break points [40, 44, 59] . Each way of looking at phylogeographic transition, however, intends to identify regions of the coast that could mechanistically be important in maintaining the transition.
Thus, it is useful to identify which regions are robust to analytical assumptions. In our results (Figure 2) , we can focus on the regions near Cape Cod, the Delmarva Peninsula, and Cape Canaveral. As perhaps might be assumed, there are many phylogeographic transitions associated with each of these regions. For Cape Cod, there is clearly an excess of phylogeographic transition (relative to random localization of transitions) for long-dispersing taxa whether we focus on the -deepest break‖ or -transition region‖ (Figures 2A,B) , but less support for the importance of Cape Cod for short-dispersing taxa (Figures 2C,D) . The Delmarva peninsula is also certainly an important transition zone (Figure 2A,B,D) that is not easily distinguished in short-dispersing taxa if their entire range of overlap is considered ( Figure 2C) . Similarly, the east coast of Florida is clearly an important transition region ( Figure 2B,C,D) , but the signal for this is lost in long-dispersing taxa if the entire range of overlap for these species is considered. It is worth noting that our results imply a differential effect of how the data are analyzed combined with how taxa are split into -short‖ versus -long‖ dispersal; our three-day cutoff between these two classes is based on observations of the bimodality of larval strategy [52] [53] [54] as well as considerations based on oceanographic modeling [7] and enables greater statistical power for our analysis than if we further split based on life history variation, e.g. separating out the small number of taxa with intermediate pelagic phases or splitting out those species with no pelagic phase at all. As very few of our -long‖ dispersers would fall into an intermediate class (and some, such as Streblospio benedecti, are actually polymorphic in dispersal strategy [60] ), the results shown illuminate the patterns of greatest generality.
These results suggest that, because greater analytical weight is put on adjoining pairs of locations with the strongest phylogeographic disjunction-for example, the highest or most significant Fst value-focus on the -deepest breaks‖ (as in [4] ) is able to resolve narrower geographic regions where there is concordance in transition across lineages. Although the range of overlap of these divergent lineages may also be informative for individual taxa or life history types with regard to how much ecological divergence is associated with a given population genetic divergence, it is less clear how to incorporate this information, from varying types of data, sampling effort, and initial analysis, into a post hoc comparative phylogeographic analysis [61] . Our results indicate broadly similar patterns to coastal biogeography based on estuarine diversity [62] as well as benthic and pelagic diversity [63] . The presence of such spatial concordance suggests that similar environmental processes are maintaining these transitions, whether among species or among intraspecific lineages.
The early days of phylogeography, in which cladistically distinct groups were identified on either side of (typically) apparent barriers to dispersal (-Type I breaks‖ [64] ), necessarily put a focus on strong patterns that heretofore had not been recognized. In the past decade, however, the field has become much more quantitative as subtler questions of temporal divergence, migration, and colonization are involved [65] [66] [67] . It has become clear that many strong phylogeographical breaks are associated with how populations are sampled. For example, Wares [68] identified a deep break between populations of the isopod Idotea balthica sampled in Virginia and Rhode Island. However, Bell [69] showed that with higher-resolution sampling of the same taxon, there is a broad range of overlap between the two lineages along the coast. Simply put, as with species range boundaries, a clear and spatially discrete phylogeographical disjunction is unlikely without a physical boundary involved.
Environmental gradients can be important mechanisms for maintaining clines and phylogeographical (as well as biogeographical) transitions. Endler [70] argued, through use of simulation, that historical events leading to transient population allopatry would be unlikely to generate the strong concordant rapid transitions seen in biogeographical and comparative phylogeographical analyses, implicating environmental transitions and natural selection. Similarly, Endler [71] , and Pringle and Wares ([7] and references therein) indicated that while such transitions may originate through disparate and selectively neutral processes (e.g., transient allopatry), they will still be attracted, over time, to shared environmental gradients and disruptions. This suggests a hypothesis that is in agreement with the partial success phylogeographers have had in reconstructing biogeographical boundaries: population genetics and phylogeographical patterns may originate through many processes, but are also quite dynamic, as evidenced by recent work on changes in distribution of species and genetic lineages as climate change advances [24, [72] [73] [74] [75] . Thus, the concordance of these patterns necessitates that we focus on contemporary mechanisms, more than the origins of these divergent lineages.
Moving forward with Comparative Phylogeography
Despite the importance of contemporary mechanisms for maintenance of phylogeographic and biogeographic patterns, there may be great advantage to evaluating large, comparable data sets in which the temporal origins of such patterns are inferred, either through coalescent analysis [65] or the use of standardized divergence metrics [76] . Ideally, a comparative dataset either identifies and limits analysis to taxa that share diversification events [77] , or can evaluate a range of events that may be associated with ecological or environmental diversification among those taxa. Further comparison of species patterns will be possible with improved and comparable sampling of populations and genomic markers across species [78, 79] .
Overall, what we show here is that there are certain associations between biogeographic and phylogeographic patterns on the Atlantic coast of North America, but that to an extent improved sophistication in exploring these discontinuities with greater spatial sampling, greater genomic sampling, and a greater ability to compare data sets through statistical models will be necessary [67] . Many of the taxa explored here have not been evaluated using genetic data in over ten years. Given the number of recent studies showing rapid temporal biogeographic responses to marine climate change [80, 81] in temperate waters, this suggests a number of key update studies that, if coordinated appropriately, could lead to a much greater understanding of how nearshore currents, environmental transitions and changes, and species interactions contribute to diversity patterns on this coast [18, 82] . More and more, fields of biogeography and community ecology are recognizing the quantitative nature of global patterns: we can draw lines between regions, but those lines often depend heavily on our starting assumptions and information.
Conclusions
Our results are spatially concordant with prior analyses of phylogeographic boundaries on this coast, indicating significant intraspecific transitions associated with the regions near Cape Cod, the Delmarva Peninsula, and eastern Florida. However, across broad regions of the Mid-Atlantic Bight and eastern Florida, many of these divergent intraspecific lineages coexist, suggesting the need for further evaluation of resource use and other patterns of ecological divergence within these taxa. Our study establishes important baseline information for tracking how these spatial patterns change in the coming decades.
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